concentration of heart tissue was the same after 13 weeks as after 8 weeks of feeding, and that the concentration of dienoic acid in liver after 8 weeks was very nearly nil.
In experiments with day-old chicks, Machlin (1961) observed that EFA deficiency is reflected in the fatty acid pattern of heart and liver after 1-2 weeks, and Holman (1956) has published a depletion curve for mice showing a rapid fall in linoleic acid content during the 1st week on the deficient diet. The change in linoleic acid content (percentage of total fatty acids (TFA)) in depot fat of weanling mice fed on a fat-free diet has been studied by Tove & Smith (1959) for 25 days. It appeared that the linoleic acid concentration in relation to time followed the equation of a first-order reaction.
A quantitative description of the changes in polyenoic acid concentrations in plasma, heart and liver during the first 10 weeks of EFA deficiency of rats given deficient diets from weaning is given in the present paper. Further, the weight of body, heart and liver, as well as the dermal signs, are reported. Standard errors of mean weaning weights (8): It: 3.9 (three rats), 3.4 (four rats), f 3.0 (five rats). --* Commercial casein (acid-precipitated) containing about 0.5 % of fatty acids was extracted with 96 % ethanol in a Soxhlet apparatus for 12 h and dried. The total fatty acid content thereby decreased to about 0.04 %, corresponding to c. 0.1 g/kg diet, The dienoic acid concentration was about 2 % of total fatty acids.
t Osborne-Mendel salt mixture prepared as described by Hawk & Bergeim (1937) . 1 Mixture contained (mg/g) : thiamine hydrochloride 21, riboflavine 7'9, nicotinamide 17, calcium pantothenate 21, pyridoxine hydrochloride 7.9, biotin 0.6, folic acid 3, p-aminobenzoic acid 173, inositol346, choline chloride 400, cyanocobalamin 0.0095, menaphthone sodium bisulphite (vitamin K) 2.6. A mixture of fat-soluble vitamins dissolved in peroxide-free diethyl ether was sprayed over the diet, providing (mg/kgdiet): vitamin A palmitate 5 , ergocalciferolo'~, tocopherol IOO and arachis oil 15.
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After 12 h fast, 5 mg Nembutal-sodium (Abbott Laboratories Ltd)/Ioo g rat were injected parenterally. The thorax was opened and as much blood as possible removed from the rat by heart puncture with a heparinized syringe. Then heart and liver were removed and weighed immediately. The organs and plasma were stored at -20' until analysed. Analytical methods. Isolation and titration of fatty acids, as well as determination of polyenoic acids by alkaline isomerization (Herb & Riemenschneider, 1953) were carried out as described previously (Nmby, 1961 
Hexaene = I 1.34kA -0.669k& Pentaene = 4*75k;-489kA, Tetraene = 5.42k;-5.14kL -0-921ki, Triene = 4.54ki-3.61k;+ 1.821k~-6.31k& Diene = 3.89k;l-3~2 2 k~+ 0~0 1 3 k~-0~5 8 1 k~f o~6 7 9 k~. These empirical equations are based on spectral constants determined by Montag et al. (1957) and Herb & Riemenschneider (1953) and not by me. Therefore, a systematic error in the determination may be introduced, e.g. if there was a small difference between my isomerization procedure and that of Montag et al. ) or Herb & Riemenschneider (1953 . Apparently it was so in the determination of dienoic (Fig. 3) and trienoic (Fig. 4) acids, for which negative concentrations were found in some instances.
In the calculation of the relative concentration of dienoic acid (see p. 220), therefore a value of 3 equiv./Ioo equiv. TFA was added to the observed values for plasma concentrations and a value of 2 equiv./Ioo equiv. TFA was added to the observed values for concentrations of dienoic acid in heart and liver of both the controls and the deficient animals.
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Cholesterol was determined on a portion of the unsaponifiable extract as described by Hauge & Nicolaysen (1958) .
Duplicate determinations of all the lipids mentioned were made on plasma, heart and liver from each animal individually, except for the plasma samples from animals in group 0. With these samples, since one heart puncture was unsuccessful and only small amounts of blood were obtained from the other animals, the plasma from two animals was pooled, so that only two samples from group o have been analysed.
R E S U L T S
The term deficient is used for rats that received the fat-free diet (groups I, 2, 3,4, 6, 8 and IO), whereas the rats in group 0, C 24 and C 6 are termed controls.
Dermal signs. The mean dermal score (Table 3) for rats fed on a fat-free diet increased proportionally with time during the first 6 weeks and was significantly higher than that of the controls after 2 weeks. Growth. The mean growth rate, as measured by body-weight, was lower for deficient than for control animals (Fig. I) . When liver and heart weights are considered, it appears that the gain in weight of these organs was not affected by the diet (Fig. 2) . Consequently it was found that liver and heart weights expressed as percentages of body-weights were higher for deficient than for control animals 6 weeks after weaning: liver of controls = 3-49 yo f 0.15, liver of deficient animals = 4.12 yo ? 0.20, heart of controls = 0,254 yo k 0.003, heart of deficient animals = 0.340 yo k 0-022. (TFA) ( Table 4 ). The concentration of cholesterol in plasma in the control animals decreased with time, whereas it was independent of time in the deficient animals. After 6 weeks the latter had a plasma cholesterol concentration which was about twice that of the controls. Plasma TFA concentrations were independent of the length of the dietary period for both control and deficient animals.
Cholesterol and total f a t t y acids
In the liver of the controls the concentration of cholesterol and TFA did not change with time. The deficient animals, however, showed an accumulation of both chole-
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Depletion of polyenoic acids in the weanling rat 213 sterol and TFA in liver after 6 weeks on the diet, and the concentrations for group 10 were more than twice those for group C 6.
The concentrations of cholesterol and TFA in the heart were equal for control and deficient animals. The cholesterol concentration showed a pronounced fall during the first 3 weeks, but the concentration of TFA was independent of time. Polyenoic acids. The group mean for the concentrations (equiv./Ioo equiv. TFA) of di-, tetra-, penta-and hexa-enoic acids in plasma, liver and heart are presented in Fig. 3 . The ranges of the standard error of the mean corresponding to the values in Fig. 3 are given in Table 5 . The extrapolations of the control curves for plasma and heart were performed on the basis of earlier observations on male rats of the same strain (Nmby, 1965). These animals had received the stock diet for 24 and 32 weeks Nutr. 19, z I965 after weaning and the polyenoic acid concentrations in their plasma and heart are given in Table 6 .
As for the control animals, the dienoic acid concentration increased with time, and in the heart it almost doubled within the first 2 weeks. The concentrations of the other polyenoic acids (Fig. 3) , except perhaps pentaenoic acid in the liver, exhibited a slight fall during the first weeks after weaning.
The effect of giving the fat-free diet instead of the stock diet was apparent after Table 4 . Concentrations of cholesterol and total fatty acids in plasma, liver and heart of rats fed on a fat-free diet for up to 10 weeks or on the stock diet for up to 6 weeks after weaning TFA, total fatty acids.
* For pentaenoic and hexaenoic acids the standard error was roughly proportional to the mean. The concentration of trienoic acid expressed as equiv./Ioo equiv. TFA increased proportionally with time during the first 4 (liver) or 6 (plasma, heart) weeks in the deficient animals, as shown in Fig. 4 . I n the controls only very small amounts of trienoic acid were present. The fall in trienoic acid concentration (equiv./Ioo equiv. TFA) observed in livers after 6 weeks was presumably due to dilution with increased amounts of more saturated acids. The concentration expressed as m-equiv./kg tissue increased proportionally with time for plasma, liver and heart during the first 6 weeks, and no fall in liver trienoic acid concentration was observed. The regression coefficients (Snedecor, 1956 ) for the regression of trienoic acid concentration on time are given in Table 7 . Weeks after weaning Weeks after weaning on a fat-free diet for up to 10 weeks after weaning. Open symbols, rats fed on the stock diet for up to 6 weeks; TFA, total fatty acids. * Observation period 4 weeks.
D I S C U S S I O N
Weight gain. I n agreement with the findings of a number of investigators, e.g. Peifer 8r: Holman (I959), the difference in body-weight between the normal and deficient animals was negligible,during the first 3 weeks. The difference increased with the time on the diet, and after about 10 weeks the body-weight of the deficient rats reached a plateau at about 250 g, which is similar to the observations by a number of Mattson, 1960) .
The weights of the liver and heart were apparently unaffected by the deficiency during the first 6 weeks (Fig. 2) Heart trienoic acid (equiv./Ioo equiv. TFA) Ratio, trienoic acid : tetraenoic acid be mentioned that Alfin-Slater, Aftergood, Wells & Deuel(1954) found that the liver weight, expressed as a percentage of body-weight, was considerably higher for deficient adult rats than for normal rats of the same age. Further, it has been observed that the weight of the testes after 9 weeks was the same for normal as for EFAdeficient rats (Panos, Klein & Finerty, 1959) . All these observations seem to indicate that EFA deficiency has a greater influence on body-weight than on the weight of the organs. The difference in body-weight may be due to a difference in the amount of depot fat, deficient rats having little or no depot fat (cf. Burr & Burr, 1929). However, this is presumably not the only cause inasmuch as Alfin-Slater & Bernick (1958) have reported the finding of a reduced number of proliferating cells in the bone of EFA-deficient rats after 12 weeks.
Dermal signs. The comparison of dermal scores observed in different laboratories is usually considered to be of little value, partly because the grading is based on a subjective estimate, and partly because the severity of dermal signs is dependent on the humidity (Brown & Burr, 1936 (1960) . In the experiment presented here it was furthermore found that this score (mean for all animals) was proportional to group means of heart trienoic acid concentration (Fig. 5 ) and to the ratio between the concentrations of trienoic and tetraenoic acids in liver (Fig. 6) ; the last-mentioned ratio has been used by Holman (1960) as a measure of the EFA status of rats. Furthermore, a linear relationship showing a negative correlation between dermal score and heart dienoic -i- tetraenoic acid concentration (equiv./Ioo equiv. TFA) as shown in Fig. 7 was seen.
These observations suggest but do not prove that the dermal score under certain experimental conditions might be used as a quantitative indicator of the EFA status in rats.
Cholesterol and total fatty acids. From Table 4 it is apparent that there was an accumulation of cholesterol and fatty acids in the livers of the deficient rats. Further, the following equations, based on the individual liver concentrations of cholesterol and TFA for all animals in groups 1-10, demonstrate a rectilinear relationship between the two quantities:
It is seen that the increase in the molar concentration of TFA is about twenty times that of the cholesterol concentration.
An increase in the concentration of cholesterol esters has previously been observed in the liver of young deficient rats by Klein (1958) Polyenoic acids. The concentrations of the various polyenoic acids in the control rats changed slowly with time on diet except for heart dienoic acid, the concentration of which increased by IOO % during the first 2-2& weeks, after which it remained constant. In agreement with this observation, Aaes-Jwgensen & Holman (1958) and Kirschman & Coniglio (1961) have found that in normal rats, 3-6 months old, the concentration of heart dienoic acid is about twice that in weanling rats.
In the deficient rats the concentrations of di-, tetra-, penta-and hexa-enoic acids decreased regularly with time except for heart dienoic acid (Fig. 3) . I n this instance the rapid increase in the controls was reflected in the 'concentration versus time curve' of the deficient rats, which naturally complicates the direct comparison between the changes in polyenoic acid concentrations in the various tissues. It was therefore thought that for such comparisons it would be useful to express the group means for polyenoic acid concentration in the deficient rats as percentages of the corresponding values for the control rats. This value is termed the relative concentration.
From the semi-logarithmic graphical representation in Fig. 8 it appears that the decrease with time in the relative concentration (calculated from equiv./Ioo equiv.
TFA values) of di-and tetra-enoic acids, for at least 6 weeks of deficiency, followed a first-order equation. For penta-and hexa-enoic acids the curves probably have two slopes. When the relative concentrations were calculated from the concentrations in m-equiv./kg tissue, generally the same picture was found. The regression coefficients for the linear parts of the curves, calculated (di-and tetra-enoic acids) or graphically determined (penta-and hexa-enoic acids) are given in Fig. 8 . From these regression Weeks after weaning Fig. 8 . Relations between the relative concentrations of dienoic (O), tetraenoic (A), pentaenoic (0) and hexaenoic (A) acids and time on experiment for rats fed on the fat-free diet for up to 10 weeks after weaning. The ordinate of each point was calculated as group mean of polyenoic acid conc., deficient rats polyenoic acid conc., control rats x 100, log crelatlve = 1% all concentrations being expressed as equiv./Ioo equiv. total fatty acids. The calculated (dienoic and tetraenoic acids) or graphically determined (pentaenoic and hexaenoic acids) regression coefficients of the linear parts are given on the figure. coefficients it is possible to determine the time required for the concentration of a polyenoic acid in the deficient rats to reach 50 % of that in the control rats. This value is here termed the 'relative half-time'. An analogous expression: 'half-time of https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19650021
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The relative half-times calculated as described are given in Table 8 . It will be seen that the values for dienoic acid and for the first slopes of penta-and hexa-enoic acids are of the same order of magnitude, and so are the values for tetraenoic acid and for the second slopes of penta-and hexa-enoic acids. Further, the relative half-time for a given acid is similar for plasma and liver, except for the second slopes of penta-and hexa-enoic acids in terms of m-equiv./kg, whereas for heart tissue it is generally considerably higher. This finding-in connexion with the observations of Rieckehoff, Holman & Burr (1949) and of Widmer & Holman (1950) that the deposition of dietary polyenoic acids was most pronounced in the heart of the deficient rat-seems to indicate that heart tissue has a relatively great capacity for retaining these acids.
The biological interpretation of the relative half-time cannot be elucidated on the basis of the experiment presented here. It is, however, of interest to note that the relative half-times of dienoic, pentaenoic and hexaenoic acids (which are probably not synthesized in the deficient rat) are similar to the value 14.9 5 0.15 days for the halflife of total body fat in 15og rats (Matthews, Spector, Lemm & Olynyk, 1957) . Likewise, for rats weighing about 300 g, Bates, Mayer & Nauss (1955) found the half-life of total body fat to be 18 & 4 days, and Phil, Bloch & Anker (1950) determined the half-life of saturated fatty acids to be about 16 days. Further, in a study concerning the kinetics of linoleic acid depletion Tove & Smith (1959) found a half-life of about 9 days for linoleic acid in carcass fat in mice fed on a fat-free diet from 3 weeks of age. This value is very close to the relative half-time for dienoic acid in plasma and liver given in the present communication.
The trienoic acid, the concentration of which increased during deficiency (Fig. 4) , is 5,8,1 I-eicosatrienoic acid synthesized from oleic acid in the EFA-deficient rat (Fulco & Mead, 1959) . Bozian & Coniglio (1962) have suggested that arachidonic acid may function as a regulator of this conversion and this is also the conclusion of Peluffo, Brenner & Mercuri (1963) . However, from the experiments of Mohrhauer & Holman (I 963) it appears that dietary linolenate depresses the trienoic acid concentration without increasing the concentration of arachidonic acid. From the present paper it is evident that, although the rates of decrease of the concentration of di-, tetra-, penta-and hexa-enoic acids in the plasma and liver were different from the corresponding rates of decrease of these acids in the heart (Fig. 8, Table 8 ), the concentration (equiv./Ioo equiv. TFA) of trienoic acid increased at the same rate for all these tissues during the first 4 weeks (Fig. 4 and Table 7) . From this finding it may be inferred that, if trienoic acid accumulation is regulated specifically by the concentration of one or other type of polyenoic acid, then the response, expressed as increase in trienoic acid concentration, apparently is different in different tissues.
From the results presented here, it will be seen that the difference in polyenoic acid concentration between the controls and the deficient animals increased rapidly during the first weeks, but slowly after 4-6 weeks of feeding, and that changes were generally more pronounced in plasma and liver than in heart tissue. These observations suggest that, in studies concerning the influence of dietary factors on the polyenoic acid pattern of weanling rats, an experimental period of about 6 weeks would be sufficient, especially if the study were confined to plasma and liver tissue.
SUMMARY
I. Weanling male rats were reared on either a fat-free diet for up to 10 weeks (deficient) or on a stock diet for up to 6 weeks (control). At weekly or biweekly intervals three to five rats were killed and the concentrations of cholesterol, total fatty acids and polyenoic acids were measured in their plasma, liver and heart. Further, the weights of body, heart and liver as well as the dermal signs of deficiency of essential fatty acids were recorded.
2. The mean growth rate, as measured by body-weight, was lower for deficient than for control animals. The weight of liver or heart during the first 6 weeks was, however, independent of the diet.
3. The EFA-deficiency signs, expressed as a dermal score, increased proportionally with time for the first 5-6 weeks. Further, the dermal score was found to be related to the fatty acid pattern in that it was proportional to heart trienoic acid concentration, to the ratio between trienoic and tetraenoic acid concentration in the liver, and negatively correlated to heart dienoic + tetraenoic acid concentration.
4.
In the livers of the deficient animals the concentration of cholesterol and TFA increased with time. The concentration of cholesterol ester was inversely proportional to the tetraenoic acid concentration.
5. In the control rats the dienoic acid concentration in plasma and liver increased slowly with time. In heart tissue, however, it was doubled within 2 weeks after weaning, after which it remained constant. The concentrations of the other polyenoic acids generally decreased slightly during the first weeks.
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Depletion of polyenoic acids in the weanling rat 223 6. After only I week on the fat-free diet, the fatty acid pattern of deficient rats was different from that of the controls. The relative concentration (the concentration of a polyenoic acid in deficient rats as a percentage of the corresponding concentration in control rats) for dienoic and tetraenoic acids was related to time by a first-order equation, whereas the semi-logarithmic graphical representations of the relative concentrations of penta-and hexa-enoic acids had two slopes.
7. The 'relative half-times', calculated from the first-order rate constants of the above-mentioned equations, were similar for plasma and liver but higher for heart tissue. The plasma and liver values for dienoic, pentaenoic and hexaenoic acids (6-13 days) were of the same order of magnitude as the half-life found by others for total body fat, for saturated fatty acids in rats or for linoleic acid in carcass fat of mice.
8. The concentration of trienoic acid (equiv./Ioo equiv. TFA) increased at the same rate in plasma, liver and heart in the deficient rats for the first 4-6 weeks. The factor(s) responsible for the trienoic acid accumulation are discussed.
9. The results suggest that the biochemical response to EFA deficiency is most pronounced in plasma and liver. In experiments with weanling rats an experimental period of about 6 weeks would be sufficient, since the majority of the changes in the fatty acid pattern take place during this period.
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